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 ABSTRACT 
 The objective of the study was to evaluate the re-
liability of a manual assessment of cervical diameter 
through palpation. In an in vivo trial, 64 Holstein-
Friesian cows between 2 and 5 d in milk (DIM) and 
between 21 and 27 DIM were examined by transrectal 
palpation by 3 investigators. For calculation of sensitiv-
ity and specificity, ultrasound-generated measurements 
were used as reference standard; a cervix >7.5 cm was 
categorized as large. The Pearson coefficient of corre-
lation between the results of the 3 investigators and 
ultrasound-generated measurements was moderate (r 
= 0.71, 0.74, and 0.51). The estimates generated by 
palpation by the 3 different investigators did not differ 
and were similar to measurements obtained by ultra-
sound. The coefficient of variation (CV) between the 
investigators and ultrasound was high (20.9, 18.7, and 
32.0%). The mean difference between the investiga-
tors and the ultrasound was 0.60 cm (95% confidence 
interval: −2.4 to 3.6). Sensitivity was 28.6, 42.9, and 
42.9%, and specificity was 100, 96.2, and 92.6% for the 
ability of the 3 investigators, respectively, to detect 
the 7.5-cm cutoff by palpation. Overall sensitivity and 
specificity for all 3 investigators, considering ultrasound 
as the reference, were 37.5 and 96.2%, respectively. In 
vitro, 24 wooden cylinders were used to represent cervi-
cal diameter and to examine the reliability, as well as 
sensitivity and specificity, of manual assessment of dif-
ferent diameters. The Pearson coefficient of correlation 
between the results of the investigators (n = 11) and 
the actual diameters of the cylinders was 0.78. The CV 
between the investigators and the cylinders was 27.8%. 
The variation in the results was greater for cylinders 
with a larger diameter (3.5-cm diameter: mean ± stan-
dard deviation = 2.6 ± 0.9 cm; 10.5-cm diameter: mean 
± standard deviation = 13.2 ± 4.0 cm). The estimate 
obtained by palpation for the 7.5-cm cylinder was 7.4 
± 2.1 cm. Sensitivity was 79.4% and specificity 92.5%. 
After training one group of investigators, sensitivity 
and specificity improved to 85.9 and 94.4%, respec-
tively. Transrectal palpation of the cervical diameter 
shows moderate repeatability and correlation and high 
variation between the investigators and the reference 
standards. Variability increased with larger diameters. 
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 INTRODUCTION 
 The negative effect of uterine diseases of postpartum 
cows on reproductive performance is well documented 
through several publications (e.g., McDougall et al., 
2007; Runciman et al., 2008). One important postpar-
tum uterine disease in dairy cows is clinical endometri-
tis (CE). Two recent studies established a scientifically 
sound and clinically useful case definition of CE based 
on factors that are prognostic for impaired reproduc-
tive performance (LeBlanc et al., 2002a; Sheldon et 
al., 2006). Clinical endometritis is defined as a cervical 
diameter >7.5 cm determined by transrectal palpation 
after 20 DIM or as mucopurulent or purulent vaginal 
discharge by vaginoscopy after 26 DIM. Cows with CE 
have significantly decreased fertility (LeBlanc et al., 
2002a). Recently, it was demonstrated that the likeli-
hood of returning to cyclicity decreased for each 1-cm 
increase in cervical diameter measured by ultrasound 
between 15 and 21 d postpartum (López-Helguera et 
al., 2012). 
 The cervix is an important barrier against invasion 
of bacteria into the uterus (Bekana et al., 1996, 1997). 
Thus, cervical closure and regaining the firm structure 
of the cervix after parturition are important for repro-
ductive performance (van Engelen et al., 2007). Besides 
purulent uterine discharge, delayed involution of the 
cervix is the only other predictive sign for reduced 
pregnancy rate, and it has been considered a simple 
and objective clinical finding for the diagnosis of CE 
(LeBlanc et al., 2002a). 
 Transrectal palpation of the uterus to assess its size 
lacks diagnostic accuracy, as large uteri may reflect 
physical damage or variations associated with breed, 
age, or nutrition (Dohmen et al., 2000; LeBlanc et al., 
2002a; Sheldon et al., 2006). Kelton et al. (1991) al-
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ready reported evidence of inter-clinician variability in 
the accuracy of assessment of corpus luteum presence 
by transrectal palpation. Currently, data are lacking 
on the repeatability of assessment of cervical diameter 
estimated by transrectal palpation. Therefore, the 
overall objective of this study was to determine the 
reliability of a manual assessment of the cervical diam-
eter through transrectal palpation. Specifically, we set 
out to (1) evaluate the sensitivity and specificity using 
a reference standard, (2) determine the inter-observer 
repeatability, and (3) study the human ability to as-
sess cylinders of known diameters through palpation by 
means of an in vitro experiment.
MATERIALS AND METHODS
In Vivo
The study was conducted on 2 dairy farms in Bran-
denburg, Germany, between July and December 2010. 
The herd size was 1,200 and 180 cows in herds A and 
B, respectively. The cows in herd A were housed year 
round in freestall facilities with cubicles, rubber mats, 
and slotted floors. They were grouped in pens holding 
approximately 100 cows depending on lactation and 
reproduction status. Calving pens were bedded with 
straw. Average milk yield was 10,050 kg/cow per lac-
tation with 4.3% fat and 3.1% protein. A TMR was 
fed, consisting of 39.7% concentrate and mineral mix, 
32.9% grass silage, and 19.2% corn silage (NEL = 1.65 
Mcal/kg).
The cows in herd B were housed in a deep-bedded 
barn. A TMR was fed but composition information was 
not available. Average milk yield was 9,482 kg/cow per 
lactation with 4.2% fat and 3.6% protein.
Before the study, an informed consent was obtained 
from both herd owners. Sixty-four cows were selected 
by a random allocation plan generated with PASW 
(PASW Statistics 18.0, SPSS Inc., Munich, Germany) 
and enrolled in the study between July and December 
2010. Three independent investigators (Inv) examined 
cows between 2 and 5 DIM or between 21 and 27 DIM 
within 10 ± 3 min by transrectal palpation. The same 3 
investigators were utilized throughout the study; to en-
sure independent results, each investigator documented 
his or her findings on case report forms without the 
other investigators present. The investigators were cer-
tified veterinarians, and their experience in transrectal 
palpation (i.e., >150 cows) was established by means 
of a questionnaire before the herd visit. To control the 
results obtained by palpation, the cows were also exam-
ined by ultrasound.
Four experiments were conducted. The objective 
of experiment 1 was to determine the intra-observer 
repeatability of cervical diameters determined by ul-
trasound conducted by the same investigator. From 
each cervix, 2 ultrasound images were recorded within 
1 min, measured twice both vertically and horizontally 
using the internal caliper cow side, and stored on an 
internal drive. The investigation was conducted using 
a portable, battery-powered ultrasound device (Tringa, 
Esaote Pie Medical, Maastricht, the Netherlands), a 
linear transducer, and a probe frequency of 7.5 MHz.
Experiment 2 tested inter-observer repeatability of 
cervical diameters measured by ultrasound as described 
above. Two investigators examined the cows using 
transrectal ultrasound independently within 5 ± 2 min.
Experiment 3 compared the results of transrectal 
palpation with those determined by ultrasound. Three 
investigators (Inv 1, 2, and 3) examined cows by tran-
srectal palpation to estimate the cervical diameter (cm) 
within 1 min and documented their results. The results 
of transrectal palpation were compared with values 
obtained through ultrasound examination by another 
investigator, as described in experiment 1. Sensitivity 
and specificity were calculated for Inv 1, 2, and 3 using 
the ultrasound results as reference standard.
In experiment 4, results of transrectal palpation by 3 
different investigators (Inv 1, 2, and 3) were compared. 
The investigators assessed cervical diameter by tran-
srectal palpation within 1 min.
In Vitro
An in vitro trial utilizing a reference standard was 
conducted to establish test characteristics of estimates 
of cervical diameter obtained through transrectal pal-
pation and to study whether the ability to conduct a 
manual assessment could be improved by training. To 
create reference standards representing different cervi-
cal diameters, 24 wooden cylinders were custom-made. 
The cylinders were 20 cm long and ranged between 3.5 
and 10.5 cm in diameter, in 0.3-cm increments. The 
cylinders were placed into a drainpipe (length = 57 
cm, inner diameter = 15 cm) enclosed by a wooden box 
(45 × 25 × 20 cm). The investigators had to manually 
palpate the cylinders from above but could not access 
the cross section, which was hidden behind a crescent-
shaped board located 20 cm from the rear end of the 
pipe. The author (C. Leutert) inserted the cylinders 
from the front end of the pipe and the investigators were 
located at the other end. Camouflage was attached to 
the box on the investigator side, which ensured that the 
investigators could palpate, but not see, the wooden 
cylinders.
In total, 10 replicates were conducted in 10 consecu-
tive weeks with 11 investigators (final-year veterinary 
students). Per replicate, each investigator had to assess 
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24 cylinders. Each time, the wooden cylinders were 
presented to the investigators in randomized order 
based on a random treatment allocation plan generated 
before initiation of the trial by using the random num-
ber function of Excel (Microsoft Office 2003, Microsoft 
Deutschland GmbH, Munich, Germany). The investiga-
tors were divided into 2 groups. In group A (n = 5), 
the investigators did not receive any information about 
the diameter of the cylinders in the first 5 replicates. 
In replicates 6 to 10, the author (C. Leutert) provided 
feedback about the diameter of the cylinder after each 
assessment. In group B (n = 6), the investigators did 
not receive any information about the diameter of the 
cylinders during all 10 replicates.
Statistical Methods
The analyses were performed with Excel (Microsoft 
Office 2003), PASW Statistics for Windows (PASW 
statistics 18.0, SPSS Inc.), and Medcalc software (ver-
sion 10.1.3.0, Medcalc, Mariakerke, Belgium). The as-
sessments of the cylinder diameters were documented 
in Excel and transferred into PASW and Medcalc. The 
overall prevalence of a large cervix (defined as a diam-
eter >7.5 cm; LeBlanc et al., 2002a) was calculated 
from the ultrasound-generated results of experiment 1. 
The relationships between the investigators were evalu-
ated by Pearson coefficient of correlation. For every 
experiment, means and standard deviations of differ-
ences between measurements were calculated. Means 
of differences between investigators were tested using 
paired t-test. To compare more than 2 investigators 
with each other, a one-way ANOVA was conducted.
Repeatability was estimated by calculating the mean 
and 95% CI of the arithmetic differences between re-
peated measurements on the same subject, according 
to Bland and Altman (1986). If the differences are nor-
mally distributed, 95% of the differences will lie within 
a range of 1.96 SD of the mean difference. This range 
will be referred to as the limits of agreement.
The variation between the investigators and the ref-
erence standards was calculated with the CV from du-
plicate measurements with Medcalc and was considered 
as good when the CV was around 10%.
The sensitivity and specificity of the human ability to 
assess diameters by palpation were calculated using re-
sults generated by ultrasound in vivo and the diameters 
of the wooden cylinders in vitro as reference standards, 
respectively. Sensitivity was calculated as the propor-
tion of the cervices or cylinders correctly diagnosed as 
>7.5cm by palpation. Specificity was calculated as the 
proportion of the cervices or cylinders correctly diag-
nosed as ≤7.5 cm by palpation.
RESULTS
In Vivo
For experiments 1, 3, and 4, 64 cows in total were 
examined. Two cows were excluded from analyses due 
to injuries in the rectum and 1 due to a cervix that 
was not palpable. Sixty-one cows were included in the 
final analyses. Nineteen cows were examined between 
2 and 5 DIM (group A) and 42 cows were examined 
between 21 and 27 DIM (group B). In none of the cows 
examined between 21 and 27 DIM was a cervix >7.5 
cm diagnosed, whereas in 8 cows examined between 2 
and 5 DIM, the diameter of the cervix was >7.5 cm. 
This resulted in an overall prevalence of 13.1% (n = 
8). In experiment 2, we included 27 cows: 9 examined 
between 2 and 5 DIM and 18 examined between 21 
and 27 DIM. Pearson coefficient of correlation of 2 
ultrasound-generated measurements conducted by a 
single investigator (experiment 1) was 0.97 (P < 0.001). 
The mean difference between the 2 measurements of 
the investigator was 0.1 ± 0.5 cm (P = 0.73). Pearson 
coefficient of correlation of ultrasound-generated mea-
surements by 2 investigators (experiment 2) was 0.99 
(P < 0.05, n = 27); the CV was 3.4%. The mean differ-
ence between the 2 investigators was 0.01 cm (95% CI: 
−0.48 to 0.51 cm).
In experiment 3, estimates of cervical diameter ob-
tained through transrectal palpation were compared 
with ultrasound-generated measurements. The mean 
differences between cervical diameters estimated by 
manual palpation and the ultrasound-generated refer-
ence were 0.7 ± 1.2 cm (P < 0.001), 0.5 ± 1.2 cm (P = 
0.004), and 0.5 ± 2.1 cm (P = 0.08) for Inv 1, 2, and 3, 
respectively. The coefficients of correlation (r) between 
Inv 1, 2, and 3 and the ultrasound-generated reference 
were 0.71, 0.74, and 0.51 (all P < 0.001), respectively. 
The CV was 20.9, 18.7, and 32.0%, respectively. The 
mean difference between Inv 1, 2, and 3 and ultrasound 
was 0.60 cm (95% CI: −2.4 to 3.6), indicating an under-
estimation of the actual size by the investigators.
In experiment 4, we compared assessment by Inv 1, 
2, and 3 of cervical diameter through transrectal palpa-
tion. The ANOVA did not reveal any differences (P = 
0.72) between the 3 investigators. The mean differences 
were 0.3 ± 1.2 cm (Inv 1 vs. Inv 2; P = 0.1), 0.3 ± 
2.0 cm (Inv 1 vs. Inv 3; P = 0.33), and 0.2 ± 2.2 cm 
(Inv 2 vs. Inv 3; P = 0.1), respectively. The coefficient 
of correlation (r) between the investigators were 0.79, 
0.52, and 0.49 (all P < 0.001), respectively. The CV 
were 19.9, 33.3, and 33.8% for Inv 1 and 2, Inv 1 and 3, 
and Inv 2 and 3, respectively.
The overall sensitivity and specificity for all 3 in-
vestigators, considering ultrasound as the reference, 
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were 37.5 and 96.2%, respectively. The sensitivity was 
28.6, 42.9, and 42.9% and the specificity 100, 96.2, 
and 92.6% for Inv 1, 2, and 3, respectively, using the 
ultrasound-measured diameter as reference (n = 61) 
and a cervical diameter >7.5 cm as threshold (LeBlanc 
et al., 2002a). All investigators diagnosed cows with a 
cervical diameter >6.0 ± 0.2 cm as falling into the large 
cervix category (>7.5cm); that is, false-positive results.
In Vitro
The Pearson coefficient of correlation increased from 
replicates 1 to 5 (i.e., no feedback) to replicates 6 to 
10 (feedback of actual diameter) in group A (0.73 and 
0.93, both P < 0.05; n = 5), whereas it did not change 
in group B (0.74 and 0.73, both P < 0.05; n = 6) from 
the first 5 to the second 5 replicates.
The mean difference between manual assessment of 
the diameter and actual size for investigators of groups 
A (n = 5) and B (n = 6) was 0.38 ± 2.1 cm (P < 0.001) 
and 0.37 ± 2.4 cm (P < 0.001), respectively, consider-
ing the first 5 replicates. In replicates 6 to 10, the mean 
difference was 0.11 ± 1.8 cm (P < 0.001) and 0.43 ± 
1.9 cm (P < 0.001) for groups A and B, respectively.
The repeatability between the manually assessed 
measurements and the cylinders improved after train-
ing (Figures 1 and 2). Furthermore, the variation of the 
manually obtained estimates of the cylinders in group 
A improved (replicates 1 to 5: CV = 27.6%, SD = 1.52; 
replicates 6 to 10: CV = 8.4%, SD = 0.59) compared 
with group B (replicates 1 to 5: CV = 28.4%, SD = 
1.89; replicates 6 to 10: CV = 27.3%, SD = 1.91) after 
training. The repeated assessments of the 24 wooden 
cylinders once a week revealed that the variation of 
the estimates was greater in cylinders with a larger 
diameter (diameter of 3.5 cm: mean ± SD = 2.6 ± 0.9 
cm; diameter of 7.5 cm: mean ± SD = 7.4 ± 2.1 cm; 
diameter of 10.5 cm: mean ± SD = 13.2 ± 4.0 cm; 
Figures 1 and 2).
Overall sensitivity and specificity (11 investigators, 
2,640 assessments) were 79.4 and 92.5%, respectively. 
In the first and last 5 replicates of group A (n = 5), 
sensitivity and specificity were 73.2 and 89.4% (n = 
600) and 85.9 and 94.4% (n = 600), respectively. Group 
B (n = 6) showed sensitivity and specificity of 72.8 and 
90.3% for the first 5 replicates, and 71.5 and 89.8% for 
the last 5 replicates.
DISCUSSION
The objective of the present study was to evaluate 
accuracy and repeatability of manual assessment of cer-
vical diameter through transrectal palpation in dairy 
cows. A diameter of >7.5 cm has been demonstrated 
to be a reliable predictor for reproductive performance 
(LeBlanc et al., 2002a). Although the most common 
diagnostic technique for endometritis in clinical prac-
tice is rectal palpation (LeBlanc et al., 2002a), only 
limited science-based information is available on the 
accuracy and repeatability of diagnostic approaches 
that depend on a manual assessment of diameters of 
anatomical structures. Based on the current literature, 
we speculated that findings generated by transrectal 
examination are influenced by inter-observer variability 
(Kelton et al., 1991).
LeBlanc et al. (2002a) established a scientifically 
sound and clinically useful case definition of CE based on 
cows being examined after 20 DIM. Interestingly, only 
38.9% of the cows classified as clinically endometritic 
had a cervical diameter >7.5 cm. Regardless, a cervical 
diameter >7.5 cm was the only independent predic-
tor of reduced pregnancy rate besides the presence of 
purulent discharge after 26 DIM. It is noteworthy that 
different thresholds between 5 and 7.5 cm for cervical 
diameter have been discussed as being predictive for 
subsequent reproductive performance (Oltenacu et al., 
1983; LeBlanc et al., 2002a; Dubuc et al., 2010). The 
greatest difference in cervical diameter between healthy 
cows and cows with abnormal discharge was only 10 
mm at 3 wk postpartum (Oltenacu et al., 1983). A 
more recent study also demonstrated a relationship 
between fertility and cervical diameter determined by 
ultrasound, but not between transrectal palpation find-
ings and reproductive performance (López-Helguera et 
al., 2012). Our data demonstrating high variability of 
estimates of cervical diameters obtained by transrectal 
palpation might help explain these conflicting results.
In our study, the overall prevalence of cows with a 
cervical diameter of >7.5 cm was 13.1% (n = 8). Not 
a single cow was diagnosed with a cervical diameter of 
>7.5 cm between 21 and 27 DIM. In an older study (Ol-
tenacu et al., 1983), a prevalence of 26% was reported 
when examining cows between 12 and 26 DIM with a 
cutpoint of >5 cm for cows in first lactation and ≥6 
cm for cows in second or greater lactation. More recent 
studies described a prevalence of cervical diameter >7.5 
cm of 6.6% (LeBlanc et al., 2002a) and 4.4% (Dubuc 
et al., 2010), respectively. These prevalence rates were 
based on animals examined between 20 and 33 DIM 
(LeBlanc et al., 2002a) and 35 ± 3 DIM (Dubuc et al., 
2010), whereas we examined cows between 2 and 5 DIM 
and between 21 and 27 DIM in the present study. We 
included the early postpartum period to increase the 
variation of cervical diameters because the overall ob-
jective was to study the accuracy and repeatability of 
transrectal assessment of the cervical diameter, not to 
determine the prevalence of clinical endometritis for a 
certain interval postpartum. Cervical diameter of cows 
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Figure 1. Bland-Altman plots comparing the actual diameters of cylinders and the diameters assessed by the investigators by palpation (in 
vitro). Data are shown for group A for replicates 1 to 5 (A: mean = −1.11, 95% CI: −6.4 to 4.2) and replicates 6 to 10 (B: mean = 0.11, 95% 
CI: −1.5 to 1.7). The horizontal lines indicate 95% CI (dashed lines) and mean difference (solid line).
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Figure 2. Bland-Altman plots comparing the actual diameters of cylinders and the diameters assessed by the investigators by palpation (in 
vitro). Data are shown for group B for replicates 1 to 5 (A: mean difference = 0.07, 95% CI: −5.8 to 5.9) and replicates 6 to 10 (B: mean differ-
ence = 0.22, 95% CI: −5.0 to 5.4). The horizontal lines indicate 95% CI (dashed lines) and mean difference (solid line).
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between 21 and 27 DIM differed only slightly (4.3 ± 0.6 
cm), with a maximum of 6.7 cm. These data are in line 
with a study examining 53 cows 3 times postpartum 
and reporting a cervical diameter of 3.1 ± 0.3 (CI: 2.5 
– 4.0) at 22 to 28 d postpartum (López-Helguera et al., 
2012). In addition, the authors of that study did not 
report any cows with a cervical diameter >7.5 cm.
As the cervix starts to regain its firm structure and 
the cervical diameter shrinks to 5.3 cm (±1.0) at 48 h 
postpartum (van Engelen et al., 2007), we assumed that 
examination of the cervix by palpation and ultrasound 
would be possible at this early stage of involution. Thus, 
we decided to include cows as early as 48 h postpartum 
as well. It is obvious that an early examination will 
lead to false-positive cases, considering the definition of 
endometritis specified by LeBlanc et al. (2002a) for the 
fourth week after calving, as physiological involution of 
a healthy uterus requires at least 3 wk (Morrow et al., 
1969; LeBlanc et al., 2002b; Gilbert et al., 2005).
The accuracy of a diagnostic test can be defined by 
comparing the outcome of the test with an established 
standard diagnosis, the gold standard (Knottnerus et 
al., 2002). In our study, we created references with 
ultrasound-generated measurement in vivo and wooden 
cylinders in vitro, and thus were able to calculate sen-
sitivity and specificity. Ultrasonography is a reliable 
method for measuring the uterine horns and the cervix 
(Kasimanickam et al., 2004; Sheldon et al., 2006), but 
we conducted our experiments on the assumption that 
some variation also occurs in ultrasound-based mea-
surements due to the position or angle of the scanner 
relative to the anatomical structure and the shape of 
the structure. Data from experiments 1 and 2 clearly 
demonstrate that ultrasound-based measurements can 
be used as a reliable reference standard. Correlation 
within one investigator was 0.97 (P = 0.01, n = 61). 
Between 2 investigators, both correlation (0.99, P = 
0.01, n = 61) and repeatability (mean: 0.01 cm, 95% CI: 
−0.48 to 0.51 cm) were excellent. Coefficient of varia-
tion between independent measurements was 3.4%. It 
is obvious that the cervix of a cow is not perfectly 
round. To minimize bias, the ultrasound images were 
measured vertically and horizontally, and the mean was 
calculated for further analysis.
The overall sensitivity and specificity for all 3 inves-
tigators, considering ultrasound in vivo as the reference 
standard, were 37.5 and 96.2%. Sensitivity of the in 
vivo trial was not satisfactory. In particular, cervical 
diameters of ≥6 cm confused the investigators and led 
to false-positive findings. This observation was con-
firmed in the in vitro trial, where the variability of the 
manual assessment increased with increasing diameter 
(diameter of 10.5 cm: mean ± SD = 13.2 ± 4.0 cm; 
Figure 2a).
Evidence for the calculated sensitivity and specificity 
(respectively 28.6, 42.9, and 42.9% and 100, 96.2, and 
92.6% for Inv 1, 2, and 3) in vivo is limited because of 
the small number of cows (n = 8) with a large cervix 
and possible confounding by a different texture of the 
tissue early postpartum. Furthermore, transrectal pal-
pation of the uterus to assess its size lacks diagnostic 
accuracy (Sheldon et al., 2006) and predictive value 
in respect to fertility (López-Helguera et al., 2012). 
Thus, we calculated sensitivity and specificity in vitro 
for comparison with previous studies. The sensitivity 
was not satisfactory, but the results of this experiment 
show that the ability of the investigators to manually 
assess different diameters was reasonable and could be 
improved through training, as demonstrated for group 
A (before training: 73.2%, after training: 85.9%).
Dubuc et al. (2010) calculated a sensitivity of 4.9 
and 50.8% (35 ± 3 DIM) considering thresholds of a 
cervical diameter >7.5 cm and >5.0 cm, respectively, 
using predicted pregnancy status 120 d after parturi-
tion, as reference. Calculating sensitivity based on con-
firmed pregnancy status as a reference has to be seen 
as critical. The low sensitivity can be explained by the 
considerable time lag between diagnosis and pregnancy 
confirmation and by the multitude of factors that may 
influence pregnancy status (Kasimanickam et al., 2004; 
Barlund et al., 2008).
Our data of the estimates of cervical diameters ob-
tained through transrectal palpation conducted inde-
pendently by 3 investigators did not show a significant 
difference (P = 0.12) but did show low correlation 
values (r = 0.79, 0.52, and 0.49; all P < 0.001) and 
high variation (CV = 19.4, 33.3, and 33.8%). Plotting 
the differences between ultrasound measurements and 
estimates obtained manually against the mean of the 2 
values showed that disagreements between the methods 
were evenly distributed across the range. Ultrasound-
based measurements were, on average, 0.60 cm greater 
than estimates obtained by transrectal palpation. The 
95% CI (lower and upper limits of agreement) for the 
point estimates of the mean difference were −2.4 and 
3.6 cm. By using the Bland and Altman (1986) method, 
approximately 95% of data points were within the lower 
and upper limits of agreement.
Repeatability results in vivo may have suffered from 
limitations due to the nature of a field trial conducted 
on a commercial dairy farm. To reduce bias and ensure 
identical conditions for the 3 investigators, we mini-
mized the time lag between investigators to less than 1 
min. The number of investigators in our in vivo experi-
ment was limited to 3 to minimize strain on the animals 
and avoid the risk of rectal lesions. Furthermore, it has 
been speculated previously that transrectal stimulation 
causes uterine tone to increase contractions (McDougall 
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et al., 2007; Pleticha et al., 2009), which might affect 
cervical diameter. These limitations were eliminated by 
the design of the in vitro trial. Besides the availability 
of an absolute reference standard, a greater number 
of investigators could be used and greater variation of 
different diameters could be examined. Furthermore, 
the effect of training could be studied. For the in vitro 
trial, diameters from 3.5 to 10.5 cm in 0.3-cm incre-
ments were used. Wood was chosen as the material for 
the cylinders to ensure that the diameter could not 
vary due to compression or manipulation during the 
trial following several palpations. This is the first re-
port related to dairy cattle to demonstrate that the 
human ability to manually assess different diameters by 
palpation can be trained (Figures 1 and 2). Correlation 
and variation clearly improved after training. Further 
research is warranted to determine how this effect can 
be implemented in in vivo situations.
CONCLUSIONS
This study showed that the repeatability of an 
estimate of the cervical diameter obtained through 
transrectal palpation was moderate. On average, the 
results from palpation were 0.6 cm lower than the mea-
surements generated by ultrasound. Variation increased 
with increasing diameters and the correlation between 
the investigators was low. Cows with a cervical diam-
eter of >6.0 ± 0.2 cm were falsely diagnosed as having 
a cervical diameter >7.5 cm (a false-positive result). 
The ability to assess different diameters by palpation 
can be improved significantly through training. Overall, 
our data provide clear evidence that manual assessment 
of diameters by palpation remains a challenge. This 
finding should be considered when categorizing cows 
into healthy or metritic groups based on a threshold for 
cervical diameters.
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